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(57) ABSTRACT

A substrate processing apparatus includes a processing unit
performing a predetermined processing on a substrate; a
transfer chamber; and a substrate accommodation unit
including a substrate accommodation chamber communicat-
ing with the transfer chamber via a transfer opening, a gate
provided at the transfer opening to separate the substrate
accommodation chamber from the transfer chamber, and a
gas supply unit supplying a gas into the substrate accommo-
dation chamber. The substrate accommodation chamber
accommodates therein substrates that have been processed by
the processing unit, and the gas supply unit provides a gas
flow suppressing an atmosphere of the transfer chamber from
being introduced into the substrate accommodation chamber,
thereby preventing undesired reaction between moisture in
the atmosphere of the transfer chamber and deposits adhered
on the processed substrates accommodated in the substrate
accommodation chamber.

5 Claims, 3 Drawing Sheets
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1
SUBSTRATE PROCESSING APPARATUS

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to Japanese Patent Appli-
cation No. 2009-063954 filed on Mar. 17, 2009, the entire
contents of which are incorporated herein by reference.

FIELD OF THE INVENTION

The present invention relates to a substrate processing
apparatus for performing processing such as film formation,
etching or the like on a substrate such as a semiconductor
wafer or the like.

BACKGROUND OF THE INVENTION

Conventionally, in a semiconductor device manufacturing
field, a plurality of e.g., 25 substrates such as semiconductor
wafers or the like is transferred while being accommodated in
a carrier (substrate accommodation container) such as a
FOUP (Front Opening Unified Pod) or the like.

An inner space of the carrier such as a FOUP or the like can
be sealed and the carrier is transferred in a sealed state
between process steps. Meanwhile, as for a substrate process-
ing apparatus for unloading a substrate from the carrier and
performing a film formation, an etching or the like on the
substrate, there is known a substrate processing apparatus
including: a processing module for processing a substrate;
and a transfer module having a transfer chamber provided
with a loading/unloading port for mounting thereon a carrier
and a transfer mechanism installed in the transfer chamber.
Moreover, there is also known a substrate processing appara-
tus including a purge mechanism for supplying an inert gas
into a FOUP mounted on a loading/unloading port and replac-
ing the atmosphere in the FOUP (e.g., Japanese Patent Appli-
cation Publication No. 2003-45933 and its corresponding
U.S. Patent Application Publication No. 2003-031537).

Besides, there is suggested a substrate storage technique
for accommodating processed substrates in a storage for the
purpose of separating unprocessed substrates from the pro-
cessed substrates and removing deposits so that the unproc-
essed substrates are prevented from being adversely affected
by the deposits such as by-products or the like adhered onto
substrates during processing of the substrates.

However, in case of the above-described conventional sub-
strate processing apparatus having the purge mechanism for
purging the FOUP with the inert gas, the atmosphere in the
FOUP is replaced by purging the FOUP with the inert gas or
the like while a front opening of the FOUP is fully opened
during processing of a plurality (e.g., 25) of substrates (one
lot) accommodated in the FOUP, so that the atmosphere can
be introduced into the FOUP through the front opening.
Hence, a first processed substrate of a lot is exposed to the
atmosphere for a long period of time until the last processed
substrate of the lot returns to the FOUP and may undesirably
react with moisture in the atmosphere or the like.

Also in the storage technique for accommodating pro-
cessed substrates in a storage, the processed substrates are
exposed to the atmosphere and may undesirably react with
moisture in the atmosphere or the like.

For example, when a target layer is plasma-etched by using
fluorine-containing gas so that copper wiring formed under
the etching target layer is exposed, hydrofluoric acid is gen-
erated from a reaction between by-products containing fluo-
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rine and moisture in the atmosphere, which may lead to
corrosion of the copper wiring.

SUMMARY OF THE INVENTION

In view of the above, the present invention provides a
substrate processing apparatus capable of preventing undes-
ired reaction between deposits adhered onto a processed
wafer and the atmosphere or moisture in the atmosphere.

In accordance with an embodiment of the present inven-
tion, there is provided a substrate processing apparatus
including: a processing module including a processing unit
for performing a predetermined processing on a substrate
accommodated in a processing chamber; a transfer module
including a transfer chamber having a loading/unloading port
for mounting thereon a carrier accommodating therein the
substrate in a plural number and a transfer mechanism for
transferring the substrates between the processing module
and the carrier mounted on the loading/unloading port in the
transfer chamber; and a substrate accommodation unit
including a substrate accommodation chamber communicat-
ing with the transfer chamber via a transfer opening and
accommodating therein the substrates arranged vertically; a
vertically movable gate provided at the transfer opening, the
gate separating the substrate accommodation chamber from
the transfer chamber; and a gas supply unit for supplying a gas
into the substrate accommodation chamber.

Herein, the substrates that have been processed by the
processing unit are accommodated in the substrate accommo-
dation chamber.

Further, the gate may have a loading/unloading opening
formed as a slit-shaped opening extending in a horizontal
direction, and the gate is vertically moved to allow the load-
ing/unloading opening to be a loading position and an unload-
ing position so that the substrates are loaded into and
unloaded from the substrate accommodation chamber.

Further, the gas supply unit may supply a gas from a rear
side of the substrate accommodation chamber, and a gas flow
gap may be provided between the gate and the substrate
accommodation chamber in order to discharge the gas sup-
plied from the gas supply unit to the outside of the substrate
accommodation chamber.

Further, at least the substrate processed last by the process-
ing unit among the substrates accommodated in the carrier
mounted on the loading/unloading port may be directly trans-
ferred back to the carrier without being transferred to the
substrate accommodation chamber.

Further, the processed substrates in the substrate accom-
modation unit may be transferred back to the carrier while the
last substrate among the substrates accommodated in the
carrier is processed by the processing unit.

In accordance with the present invention, it is possible to
provide a substrate processing apparatus capable of prevent-
ing undesired reaction between deposits adhered onto a pro-
cessed wafer and the atmosphere or moisture in the atmo-
sphere.

BRIEF DESCRIPTION OF THE DRAWINGS

The objects and features of the present invention will
become apparent from the following description of embodi-
ments, given in conjunction with the accompanying draw-
ings, in which:

FIGS. 1A and 1B schematically show an entire configura-
tion of a substrate processing apparatus in accordance with an
embodiment of the present invention;
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FIGS. 2A and 2B provide vertical cross sectional views
describing a configuration of principal parts of the substrate
processing apparatus shown in FIGS. 1A and 1B; and

FIG. 3 offers a vertical cross sectional view depicting a
configuration of principal parts of the substrate processing
apparatus shown in FIGS. 1A and 1B.

DETAILED DESCRIPTION OF THE
EMBODIMENT

The embodiments of the substrate processing apparatus of
the present invention will be described in detail with refer-
ence to the accompanying drawings which form a part hereof.

FIGS. 1A and 1B show an entire configuration of a plasma
etching apparatus for performing plasma etching on a semi-
conductor wafer which is an example of a substrate process-
ing apparatus in accordance with an embodiment of the
present invention. As shown in FIG. 1A, a substrate process-
ing apparatus 100 has a configuration in which a plurality of
(e.g., three in the example of FIG. 1A) processing modules
300 is connected to a single transter module 200 for transfer-
ring a semiconductor wafer in the atmosphere.

Each of the processing modules 300 has a processing unit
301 for performing a predetermined processing, e.g., a
plasma etching in the present embodiment, on a substrate
accommodated in a processing chamber. Processing units
301 are connected to the transfer module 200 via load-lock
chambers 302.

Asillustrated in FIGS. 2A and 2B, the transfer module 200
has a transfer chamber 201 maintained under an atmospheric
atmosphere, and a transfer mechanism 202 for transferring a
semiconductor wafer W is disposed in the transfer chamber
201.

Moreover, as shown in FIG. 1A, a plurality of loading/
unloading ports 203 (two in FIG. 1A), each for mounting
thereon a FOUP (carrier) F accommodating therein semicon-
ductor wafers W, is provided at a side of the transfer chamber
201 which is opposite to a side where the processing modules
300 are disposed. Furthermore, a substrate accommodation
unit 210 is provided side by side with the loading/unloading
ports 203.

Asillustrated in FIGS. 2 A and 2B, the substrate accommo-
dation unit 210 has a substrate accommodation chamber 212
communicating with the transfer chamber 201 via a transfer
opening 211. A plurality of semiconductor wafers W is
accommodated in the substrate accommodation chamber 212
while being vertically arranged and spaced in substantially
parallel with one another. Further, the transfer opening 211
has a vertically movable gate 213 which defines the substrate
accommodation chamber 212 and the transfer chamber 201.
The gate 213 is provided with a loading/unloading opening
214 formed as a slit-shaped opening extending in a horizontal
direction.

The loading/unloading opening 214 provided at the gate
213 has a minimum dimension which allows a single semi-
conductor wafer W to be loaded and unloaded at one time, and
a vertical opening width thereof is, e.g., about 30 mm to 50
mm. By vertically moving the gate 213, the loading/unload-
ing opening 214 can move to a loading/unloading position at
which the semiconductor wafer W can be loaded into and
unloaded from the substrate accommodation chamber 212.
FIG. 2A shows a state where the transfer opening 211 is
closed by the gate 213, and FIG. 2B depicts a state where the
semiconductor wafer W is loaded and unloaded by moving
the loading/unloading opening 214 of the gate 213 to the
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loading/unloading position and inserting a substrate holder of
the transfer mechanism 202 into the substrate accommoda-
tion chamber 212.

In addition, the substrate accommodation unit 210 has a
gas supply unit 215 for supplying an inert gas (e.g., N, gas, Ar
gas, He gas (N, gas in the present embodiment)) into the
substrate accommodation chamber 212 from the rear side of
the substrate accommodation chamber 212. Further, a gas
flow gap 216 is formed between the substrate accommodation
chamber 212 and the gate 213. N, gas supplied from the gas
supply unit 215 into the substrate accommodation chamber
212 traverses the substrate accommodation chamber 212
from the rear side of the substrate accommodation chamber
212 and then is discharged to the outside through the gas flow
gap 216 formed at the front side. Accordingly, the inside of
the substrate accommodation chamber 212 can be maintained
under the N, gas atmosphere.

Hereinafter, the configuration of the processing unit 301 of
the processing module 300 will be described with reference to
FIG. 3. The processing unit 301 has a cylindrical processing
chamber (processing vessel) 2 made of, e.g., aluminum hav-
ing an anodically oxidized surface or the like, and the pro-
cessing chamber 2 is frame grounded. A substantially colum-
nar susceptor support 4 for mounting thereon the
semiconductor wafer W is installed at a bottom portion of the
processing chamber 2 via an insulating plate made of ceramic
or the like. Moreover, a susceptor (mounting table) 5 serving
as a lower electrode is mounted on the susceptor support 4.
The susceptor 5 is connected to a high pass filter (HPF) 6.

A coolant path 7 is formed inside the susceptor support 4.
A coolant is introduced into and circulated along the coolant
path 7 via a coolant introduction pipe 8, and then is discharged
via a coolant discharge line 9. A cold heat of the coolant is
transferred to the semiconductor wafer W via the susceptor 5,
so that the semiconductor wafer W is controlled at a desired
temperature.

The susceptor 5 is formed in a disc shape having an upper
central portion protruded higher than its peripheral portion,
and an electrostatic chuck 11 having substantially the same
shape as that of the semiconductor wafer W is disposed on the
upper central portion. The electrostatic chuck 11 is formed by
embedding an electrode 12 between a pair of insulating mem-
bers. Further, the semiconductor wafer W is electrostatically
attracted to and held on the electrostatic chuck 11 by, e.g.,
Coulomb force generated by applying a DC voltage of, e.g.,
about 1.5 kV, to the electrode 12 from a DC power supply 13
connected thereto.

A gas channel 14 for supplying a heat transfer medium
(e.g., He gas or the like) to the backside of the semiconductor
wafer W is formed through the insulating plate 3, the suscep-
tor support 4, the susceptor 5 and the electrostatic chuck 11. A
cold heat of the susceptor 5 is transferred to the semiconduc-
tor wafer W through the heat transfer medium, so that the
semiconductor wafer W can be maintained at a predetermined
temperature.

An annular focus ring 15 is disposed at an upper peripheral
portion ofthe susceptor 5 so as to surround the semiconductor
wafer W mounted on the electrostatic chuck 11. The focus
ring 15 is made of a conductive material, e.g., silicon or the
like, and serves to improve etching uniformity.

An upper electrode 21 is provided above the susceptor 5 to
face the susceptor 5 in parallel. The upper electrode is sup-
ported at an upper portion of the processing chamber 2 via an
insulating member 22. The upper electrode 21 includes an
electrode plate 24; and an electrode support 25 that serves to
support the electrode plate 24 and is made of a conductive
material. The electrode plate 24 is made of a semiconductor or
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a conductor, e.g., Si, SiC or the like, and has a plurality of gas
injection openings 23. The electrode plate 24 includes a sur-
face facing the susceptor 5.

A gas inlet port 26 is provided at a center of the electrode
support 25 of the upper electrode 21, and is connected to a gas
supply line 27. Further, the gas supply line 27 is connected to
a processing gas supply source 30 via a valve 28 and a mass
flow controller (MFC) 29. An etching gas for plasma etching
is supplied from the processing gas supply source 30.

A gas exhaust line 31 is connected to the bottom portion of
the processing chamber 2, and a gas exhaust unit 35 is con-
nected to the gas exhaust line 31. The gas exhaust unit 35 has
a vacuum pump such as a turbo molecular pump or the like
and is configured to exhaust the inside of the processing
chamber 2 to a predetermined depressurized atmosphere to a
predetermined vacuum level, e.g., a pressure of about 1 Pa or
less. Moreover, a gate valve 32 is installed at a sidewall of the
processing chamber 2. The semiconductor wafer W is trans-
ferred between the processing chamber 2 and an adjacent
load-lock chamber (load-lock chamber 302 in FIG. 1A) while
the gate valve 32 is opened.

A first high frequency power supply 40 is connected to the
upper electrode 21 via a matching unit 41. Further, a low pass
filter (LPF) 42 is connected to the upper electrode 21. The first
high frequency power supply 40 has a frequency range from
about 27 MHZ to 150 MHz. By applying the high frequency
power in such a high frequency range, a high-density plasma
in a desirable dissociated state can be generated in the pro-
cessing chamber 2.

A second high frequency power supply 50 is connected to
the susceptor 5 serving as a lower electrode via a matching
unit 51. The second high frequency power supply 50 has a
frequency range lower than that of the first high frequency
power supply 40. By applying a power of a frequency in such
a range, a proper ionic action can be applied to the semicon-
ductor wafer W as a substrate to be processed without causing
any damage thereon. The frequency of the second high fre-
quency power supply 50 is preferably determined within a
range from, e.g., about 1 to 20 MHz.

The whole operation of the processing unit 301 configured
as described above is controlled by a control unit 60 shown in
FIG. 1a. As shown in FIG. 3, the control unit 60 includes a
process controller 61 having a CPU for controlling each unit
of' the substrate processing apparatus 100 which includes the
processing unit 301; a user interface 62; and a storage unit 63.

The user interface 62 includes a keyboard for a process
manager to input a command to manipulate the substrate
processing apparatus 100 including the processing unit 301, a
display for visually displaying an operational status of the
substrate processing apparatus 100 and the like.

The storage unit 63 stores therein control programs (soft-
ware) and recipes including processing condition data and the
like to be used in realizing various processes performed in the
processing unit 301 under the control of the process controller
61. If necessary, a necessary recipe is retrieved from the
storage unit 63 by an instruction from the user interface 62
and executed by the process controller 61, thereby perform-
ing a desired process in the processing unit 301 under the
control of the process controller 61. Moreover, the recipe such
as the control programs or the processing condition data can
be retrieved from a computer-readable storage medium (e.g.,
ahard disk, a CD, aflexible disk, a semiconductor memory, or
the like), or also can be transmitted on-line from another
apparatus via, e.g., a dedicated line, when necessary.

When the semiconductor wafer W is plasma-etched by the
processing unit 301 having the configuration described
above, the gate valve 32 first is opened, and the semiconduc-
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tor wafer W is loaded into the processing chamber 2 from the
load-lock chamber 302 shown in FIG. 1A and mounted on the
electrostatic chuck 11. Then, a DC voltage is applied from the
DC power supply 13 thereto, so that the semiconductor wafer
W is electrostatically attracted and held on the electrostatic
chuck 11. Next, the gate valve 32 is closed, and the processing
chamber 2 is exhausted to a predetermined vacuum level by
the gas exhaust unit 35.

Thereafter, the valve 28 is opened, and a predetermined
etching gas is introduced from the processing gas supply
source 30 into a hollow portion of the upper electrode 21
through the processing gas supply line 27 and the gas inlet
port 26 while its flow rate is controlled by the mass flow
controller 29. Next, the etching gas is uniformly discharged
toward the semiconductor wafer W through the gas injection
openings 23 of the electrode plate 24, as indicated by arrows
in FIG. 3.

Then, the pressure in the processing chamber 2 is main-
tained at a predetermined level. Next, a high frequency power
of a predetermined frequency is applied from the first high
frequency power supply 40 to the upper electrode 21. Accord-
ingly, a high frequency electric field is generated between the
upper electrode 21 and the susceptor 5 serving as the lower
electrode. As a result, the etching gas is decomposed and
turned into a plasma.

Meanwhile, a high frequency power of a frequency lower
than that from the first high frequency power 40 is applied
from the second high frequency power supply 50 to the sus-
ceptor 5 serving as a lower electrode. As a consequence, ions
in the plasma are attracted toward the susceptor 5, and etching
anisotropy is improved by ion assist.

Upon completion of the predetermined plasma etching
process, the supply of the high frequency power and the
processing gas is stopped, and the semiconductor wafer W is
unloaded from the processing chamber 2 in the reverse
sequence as described above.

In the substrate processing apparatus 100 having the
above-described configuration, the semiconductor wafer W is
transferred by the transfer mechanism 202 in the transfer
chamber 201 shown in FIGS. 2A and 2B and then is subjected
to the plasma etching process. The following is a description
of'a case where a plurality (e.g., 25) of semiconductor wafers
W ofone lot, which is accommodated in the FOUP F mounted
on a left one of loading/unloading ports 203 shown in FIG.
1A, is processed by a center one of processing modules 300.

First of all, as indicated by arrows in FIG. 1A, the semi-
conductor wafers W accommodated in the FOUP F mounted
onthe left loading/unloading port 203 are unloaded and trans-
ferred to the center processing module 300 by the transfer
mechanism 202 shown in FIGS. 2A and 2B (as indicated by a
dotted line A in FIG. 1A).

Upon completion of the processing of the semiconductor
wafers W transferred to the center processing module 300, the
semiconductor wafers W being processed are transterred to
the substrate accommodation unit 210 by the transfer mecha-
nism 202 (as indicated by a dotted line B in FIG. 1A).

The semiconductor wafers W in the FOUP F are consecu-
tively processed along the transfer routes A and B, and the
semiconductor wafers W being processed are accommodated
in the substrate accommodation unit 210. In the substrate
accommodation unit 210, the nitrogen (N,) gas flow is
formed by the gas supply unit 215 and the gas flow gap 216.
The transfer opening 211 of the substrate accommodation
unit 210 is closed by the gate 213 except when the semicon-
ductor water W is loaded and unloaded (FIG. 2A). Even when
the semiconductor wafer W is load and unload, an opening
having a minimum dimension is formed at a front side of the
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substrate accommodation unit 210 by moving the loading/
unloading opening 214 to the loading/unloading position
(FIG. 2B), wherein only a single semiconductor wafer W can
be loaded and unloaded through the opening.

Therefore, the atmosphere in the transfer chamber 201 is
difficult to be introduced into the substrate accommodation
unit 210, so that the semiconductor wafers W being processed
are prevented from being exposed to the atmospheric atmo-
sphere for a long period of time. This can also prevent undes-
ired reaction between moisture in the atmosphere and depos-
its such as by-products or the like adhered onto the
semiconductor wafers W when the semiconductor wafers are
processed by the processing module 300. At this time, the N,
gas atmosphere can be effectively maintained compared to
the case where the FOUP F is purged with the N, gas or the
like while widely opening a front lid thereof, and this can
reduce a required amount of N, gas.

For example, even when a target layer is plasma-etched by
using fluorine-containing gas to expose copper wiring formed
under the etching target layer, it is possible to prevent corro-
sion of the copper wiring by hydrofluoric acid generated from
areaction between by-products containing fluorine and mois-
ture in the atmosphere.

As described above, the semiconductor wafers W in the
FOUP F are consecutively transferred and processed by the
processing module 300. After the last one of the semiconduc-
tor wafers W is transferred to be processed by the processing
module 300, the processed semiconductor wafers W accom-
modated in the substrate accommodation unit 210 are trans-
ferred back to the FOUP F by the transfer mechanism 202 (as
indicated by a dotted line C in FIG. 1A). After the transfer of
the processed semiconductor wafers W to the FOUP F is
begun, the FOUP F may be purged with the N, gas or the like.

The last semiconductor wafer W processed by the process-
ing module 300 is directly transferred to the FOUP F by the
transfer mechanism 202 without being transferred to the sub-
strate accommodation unit 210 (as indicated by a dotted line
D in FIG. 1A).

In order to improve throughput, it is preferable to directly
transfer the last semiconductor wafer W to the FOUP F in a
state where the processed semiconductor wafers W (e.g., 24
wafers in this embodiment) are accommodated in the FOUP
F. However, in consideration of the relationship between a
processing time in the processing module 300 and a transfer
time of the processed semiconductor wafers W from the sub-
strate accommodation unit 210 to the FOUP F, the processed
wafers W may be transferred from the substrate accommoda-
tion unit 210 to the FOUP F when a second to the last semi-
conductor wafer W or a third to the last semiconductor wafer
W starts to be processed.

For example, in the case where the processing time of a
single semiconductor wafer W in the processing module 300
is about 120 seconds and the transfer time of the processed
semiconductor wafer W from the substrate accommodation
unit 210 to the FOUP F is about 10 seconds, the processed
wafers W are transferred from the substrate accommodation
unit 210 to the FOUP F when a second to the last semicon-
ductor wafer W starts to be processed. That is, the twenty-
three processed semiconductor wafers W are transferred from
the substrate accommodation unit 210 to the FOUP F while
processing of the second to the last semiconductor watfer W
and the last semiconductor wafer W. Upon completion of the
processing, the second to the last semiconductor wafer W and
the last semiconductor wafer W are directly transferred to the
FOUPF.

As described above, in accordance with the above-de-
scribed embodiment, it is possible to prevent undesired reac-
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tion between deposits adhered onto a processed semiconduc-
tor wafer W and the atmosphere or moisture in the
atmosphere.

Further, the present invention can be variously modified
without being limited to the above-described embodiment.
For example, the substrate processing apparatus may have a
single processing module 300 instead of a plurality of pro-
cessing modules 300. Moreover, the processing chamber may
be provided to perform, e.g., film formation, other than
plasma etching. The processing chamber for performing etch-
ing may be of a dual type in which high frequency powers are
applied to the lower electrode, a single type in which a high
frequency power is applied to the lower electrode or the like
without being limited to a dual type in which high frequency
powers are applied to the lower electrode and the upper elec-
trode.

Besides, a substrate processing apparatus may be the sub-
strate processing apparatus 101 having the vacuum transfer
module 303 to which a plurality of processing modules 301
and the load-lock chambers 302 can be connected (FIG. 1B).
Further, the substrate accommodation unit 210 may be con-
nected to the transfer module 200, and may not be disposed
side by side with the loading/unloading ports 203 (FIG. 1B).

While the invention has been shown and described with
respect to the embodiments, it will be understood by those
skilled in the art that various changes and modification may
be made without departing from the scope of the invention as
defined in the following claims.

What is claimed is:

1. A substrate processing apparatus comprising: a process-
ing chamber for accommodating a substrate to be processed;
a loading/unloading port configured to mount thereon a car-
rier accommodating therein a plurality of substrates; a trans-
fer chamber including a transfer mechanism therein, the
transfer mechanism transferring the substrate from the carrier
in an atmospheric atmosphere; a load-lock chamber con-
nected to the transfer chamber, the substrate being transferred
to the processing chamber via the load-lock chamber; a sub-
strate accommodation chamber accommodating substrates
processed in the processing chamber and transferred by the
transfer mechanism via the load-lock chamber, wherein the
substrate accommodation chamber is positioned at a location
spaced form the loading/unloading port, and wherein a trans-
fer opening is provided between the substrate accommoda-
tion chamber and the transfer chamber; a vertically movable
gate disposed inside the transfer chamber and separating the
substrate accommodation chamber from the transfer chamber
wherein the vertically movable gate includes a first side and
an opposite second side, and wherein the first side faces
toward an interior of the transfer chamber and the second side
faces toward the substrate accommodation chamber, and
wherein the vertically movable gate extends across the trans-
fer opening between the substrate accommodation chamber
and the transfer chamber such that portions of the vertically
movable gate are provided both above and below the transfer
opening in at least one position of the vertically movable gate;
and a gas supply unit configured to supply a gas into the
substrate accommodation chamber from an opposite side of
the substrate accommodation chamber to the vertically mov-
able gate, wherein the apparatus further includes an inert gas
source coupled to the gas supply unit such that the gas sup-
plied by the gas supply unit is an inert gas from the inert gas
source, wherein the vertically movable gate has a slit-shaped
opening extending in a horizontal direction and serving as a
loading/unloading opening through which the processed sub-
strates are transferred one at a time such that when a substrate
is transferred between the transfer chamber and the substrate
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accommodation chamber the substrate passes through the
slit-shaped opening and the transfer opening, wherein the
processed substrates are vertically arranged in substantially
parallel with each other in the substrate accommodation
chamber, and wherein a gas flow gap is provided between the
vertically movable gate and the substrate accommodation
chamber on the second side of the vertically movable gate and
along said portions of the vertically movable gate such that
the gas traverses the substrate accommodation chamber from
the opposite side of the substrate accommodation chamber,
passes through the transfer opening, and is discharged into the
transfer chamber via the gas flow gap when the gas is supplied
from the gas supply unit.

2. The substrate processing apparatus of claim 1, wherein
at least a substrate that has been processed last among the
substrates that had been accommodated in the carrier is
directly transferred to the carrier without being transferred to
the substrate accommodation chamber.

3. The substrate processing apparatus of claim 1, wherein
the substrates in the substrate accommodation chamber are
transferred back to the carrier while a last substrate among the
substrates accommodated in the carrier is processed in the
processing chamber.

4. The substrate processing apparatus of claim 1, wherein
the processing chamber is connected to the transfer chamber
via the load-lock chamber.

5. The substrate processing apparatus of claim 1, further
comprising a vacuum transfer chamber installed between the
load-lock chamber and the processing chamber.
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